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RESEARCH MEMORANDUM 
SOME EFFECTS OF AEROELASTICITY AND SWEEPBACK ON 'I'BE 
ROLLING EFFECTIVENESS AND DRAG OF A l/ll-SCALE 
MODEL OF THE BELL X-5 AIRPLANE WING AT 
MACH NlMBERS FROM 0.6 TO 1.5 
By Roland D. English 
SUMMARY 
The Langley Pilotless Aircraft Research Division has made an investi-
gation to determine some effects of aeroelasticity and sweepback on the 
rolling effectiveness and drag of a l/ll-scale model of the variable-
sweep Bell X-5 airplane wing at zero angle of attack and zero angle of 
sideslip. The investigation was made by means of rocket-powered models 
in free flight. Rolling effectiveness and drag data were obtained over 
a range of Mach number from 0.6 to 1.5. 
Results of the investigation indicate that the Bell X-5 airplane 
with present wing construction is subject to severe rolling effectiveness 
losses due to wing flexibility. 
Increasing the angle of wing sweepback increases the rolling effec-
tiveness in the Mach number range above 0.65. Increasing the angle of 
sweepback also decreases the subsonic drag coefficient and increases the 
Mach number at which transonic drag rise occurs. 
INTRODUCTION 
The Langley Pilotless Aircraft Research Division has made an investi-
gation to determine some effects of aeroelasticity and sweepback on the 
steady-state rolling effectiveness and drag of a l/ll-scale model of the 
variable-sweep Bell X-5 airplane wing. The tests were made by means of 
rocket-propelled models in free flight at zero angle of attack and zero 
angle of sideslip over a Mach number range from 0.6 to 1.5. 
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Rolling effectiveness and drag data were obtained for ~ings of two 
stiffnesses at both 200 and 46 .50 sweepback . Results of the present 
inves t igation are compared with data obtained from flight tests of the 
f ull- scale airplane with the wings swept back 200 • 
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diameter of circle spanned by wi ng tips at 38 percent chord , ft 
local wing chord, ft 
drag coefficient based on exposed area of two wing panels having 
the 38- percent- chord line unswept (1 .110 sq ft) 
altitude, ft 
Mach number 
static twi sti ng couple applied near wing tip in a plane normal 
to 38-percent- chord line and normal t o wing chord plane, in- lb 
total static bendi ng load distr i buted along the 38-percent - chord 
line of one wing , l b 
rolling velocity, radians/sec 
sea- level static pres sure , lb/sq ft 
static pressure at altitude, lb/sq ft 
Reynolds number based on mean exposed chor d of unswept wing 
panel (0 .445 ft) 
model flight - path velocity, ft/sec 
wing tip helix angle , radians 
angle of attack , deg 
angle of sideslip , deg 
angle of twi st in plane of and resulting from ID, radians 
deflection of 38-percent - chord line resulting f r OID P , in. 
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0a aileron deflection measured perpendicular to hinge line, deg 
A angle of sweepback of the quarter-chord line, deg 
elm torsional stiffness parameter, r adians/in- lb 
e/P flexural- stiffness parameter, in · /lb 
Subscripts: 
T total deflection (absolute sum of right and left aileron 
deflections) 
DESCRIPTION OF MODELS AND TESTS 
The wings tested in this investigation were I/ll- scale models of 
the Bell X- 5 airplane wing . The unswept Bell X- 5 wing has an aspect 
ratio of 6 . 202, a taper ratio of 0 . 494, and an NACA 64A- series airfoil 
section perpendicular to the 38-percent - chord line. The maximum thick-
ness is O.llc at the root and 0.0828c at the tip. Rolling power is pro-
vided by a partial- span, plain, trailing- edge aileron (see figs. 1 and 2). 
In models 1 and 4 of the present tests, b/2 was 1.394 feet, the exposed 
wing area was 1 . 091 square feet, and the quarter- chord line was swept 
back 200 • In models 2 and 3, b/2 was 1.096 feet, the exposed wing area 
was 1.064 square feet, and the quarter- chord line was swept back 46. 50 • 
Aileron deflection was 100 , measured perpendicular to the hinge line, for 
all models. Photographs of typical models are shown in figure 1. Fig-
ure 2 presents sketches showing geometric details and dimensions . All 
models had free-spinning tails as shown in figures 1 and 2. 
Construction details of all wings are shown in the section views 
of figure 3. A stiff construction was used for models 2 and 4, whereas 
the wing construction of models 1 and 3 was selected so as to approxi -
mate the scaled-down stiffness characteristics of the full-scale Bell 
X-5 airplane wing . The variation a long the span of the torsional- stiffness 
parameter 81m was obtained for all models by applying a known static 
twisting couple near the wing tip and measuring the resulting angle of 
twist at various spanwise stations. The torsional- st iffnes s character-
istics of all models are shown together with the scaled-down values for 
the Bell X- 5 wing in figure 4 . The flexural-stiffness parameter alp 
was obtained by distributing a load along the 38-percent - chord line and 
measuring the resulting deflection. The load distribution and resulting 
alp values are presented as a function of spanwise station in figure 5; 
also included in this figure is the spanwise variation of scaled- down 
e/P values for the airplane wing. 
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Models 2 and 3 were propelled to a maximum Mach number of 1.5 by a 
two-stage rocket-propulsion system. A single booster rocket was used 
to propel models 1 and 4 to a Mach number of 0. 9 . Flight-path velocity, 
rolling velocity, and space coordinates were obtained continuously during 
a period of free flight following burnout of the last propulsion stage, 
by means of radio (spinsonde) and radar equipment. The previous data 
were used with atmospheric data from radiosondes to obtain the variation 
of the rolling effectiveness parameter pb/2V and drag coefficient Go 
with Mach number. The use of free-spinning tails kept all models at 
essentially zero angle of attack and zero angle of sideslip during the 
tests. The range of test Reynolds number is given as a function of Mach 
number in figure 6. A discussion of the test method is given in more 
detail in references 1 and 2. 
ACCURACY 
The inaccuracies resulting from construction tolerances and other 
limitations are estimated to be within the following limits: 
pb/2V 
CD 
M 
RESULTS AND DISCUSSION 
Subsonic 
±0.003 
±0.003 
±0.01 
Supersonic 
±0.002 
±0.002 
±0.01 
The variation of Pa/Po and the rolling effectiveness parameter 
pb/2V with Mach number is shown in figure 7. These values of pb/2V 
have been corrected by the method of reference 3 for the random wing 
incidence errors resulting from construction tolerances. No attempt 
was made to correct pb/2V for inertia effect s since reference 1 shows 
this correction to be negligible. Figure 7 shows that aeroelastic rever-
sal occurred for both flexible-wing configurations. Since the flexible 
model wing closely approximates the scaled-down stiffness characteristics 
of the airplane wing, t he Bell X-5 airplane with present wing construc-
tion is sub j ect to severe rolling effectiveness losses due to wing flexi-
bilityat low altitudes. Calculations (using the method of ref. 4) 
indicate that the rolling effectiveness losses would be over 20 percent 
up to altitudes of about 35,000 feet. Changing the angle of sweepback 
from 200 to 46.50 increases the rolling effectiveness over the Mach num-
ber range above M = 0.65 and increases the Mach number at which aero-
elastic reversal occurs. 
CONFIDENI'IAL I 
I 
J 
NACA RM L53Il8b CONFIDENTIAL 5 
Rigid wing rolling effectiveness values were calculated by the method 
of reference 4 using the stiff wing data in figure 7. The rigid wing val-
ues were used in turn to calculate flexible wing rolling effectiveness at 
the model flight altitudes. The variation of calculated rigid and flex-
ible wing rolling effectiveness with Mach number is presented in figure 8. 
The data of figure 7 are repeated in figure 8 for purposes of comparison 
of calculated and experimental values. 
The method of reference 4 was used also to calculate flexible-wing 
rolling effectiveness at an altitude of 25,000 feet for the 200 sweptback-
wing configuration. This calculated rolling effectiveness is compared to 
that of the full-scale airplane at zero angle of sideslip in figure 9 . 
The data for the airplane were collected at Edwards Air Force Base, Calif., 
and published in reference 5 for fixed control flight. The data for ~ = 00 
were not published. 
The variation of pb/2V with Mach number is presented in figure 10 
for the flexible model and the airplane with the wing swept back 200 • 
No data are available at present for the airplane with the wing swept 
back 46.50 • 
The variation of drag coefficient CD with Mach number is presented 
for all models in figure 11. Drag coefficient has been obtained for the 
body plus free-spinning tail and is included for reference. Figure 11 
shows that subsonic drag coefficient is lower, and that transonic drag 
rise occurs at a higher Mach number, for the wing swept back 46. 50 than 
for the one swept back 200 • Since the subsonic Reynolds numbers are in 
the region of transition from laminar to turbulent flow, the drag reduc-
tion is probably due in part to a difference in Reynolds numbers (see 
fig. 6). However, it is doubtful that difference in Reynolds numbers 
accounts for the total drag reduction, so it is believed that changing 
the angle of sweepback from 200 to 46.50 reduces the subsonic drag coef-
ficient. No appreciable effect of wing flexibility on drag was found. 
CONCLUSIONS 
The results of an investigation of some effects of aeroelasticity 
and sweepback on the rolling effectiveness and drag of a l/ll-scale model 
of the Bell X-5 airplane wing-aileron configuration indicate the following: 
1. The Bell X-5 airplane with present wing construction is subject 
to rolling effectiveness losses of over 20 percent due to wing flexibility 
at altitudes up to 35,000 feet. 
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2. Changing the angle of wing sweepback from 200 to 46.50 increased 
the rolling effectiveness in the Mach number range above 0.65 and increased 
the Mach number at which aeroelastic reversal occurred. 
3. No effects of wing flexibility on drag were found; increaSing 
the angle of wing sweepback decreased the subsonic drag coefficient and 
increased the Mach number at which transonic drag rise occurs. 
Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., September 3, 1953. 
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Figure 1.- Photographs of typical test models. 
----- ----
~ 
~ 
t;-i 
V1 
\.).I 
H 
I--' 
W 
(") 
~ ; 
~ 
-..::] 
8 CONFIDENTIAL NACA RM L53I1Bh 
. 
rd 
<U 
rd 
. ~ 
r<\ tJ 
s:: 
..--I 0 
<U (.) 
rd 
0 1 
~ . 
..--I 
----P <U 
~ 
." f>:.< 
CONFIDENTIAL 
~c 
NACA RM L53IIBb 
5" 
Sp lnsonde 
3 .25" rocket 
Mod els 1 a nd 4, .1l.. =200 
Model s 2 a nd 3 ,.A=46 . 5° 
CONFIDENTIAL 
. 38c 
Free - spinning tail 
55 " --------~ 
0 .42" 
----;-+----
. BOe 
Figure 2 .- Geometr ic detail s and dimens i ons of t e st models . 
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Figure 3.- Model wing sections in a plane perpendicular to the 38-percent-
chord line (drawn to scale). 
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Figure 4.- Spanwise variation of torsional-stiffness parameter elm 
measured in planes perpendicular to the 38-percent-chord line. 
~ 
~ 
t-i 
\Jl 
\.>J 
H 
t--' 
g? 
(") 
~ 
I 
H 
Fi 
t--' 
t--' 
.012 
(") 
~ 
H 
~ .0 rl 
~ H . 008 
~ Q) p. 
. 
~ 
...-I 
~ 
~ 
<0 .004 
a 
a 
Model test wing 
.20P 
.23P 
.23P 
.17P 
.17P 
/1 
Model 1 /' 
/ 
" Model 3 V V Scale X-5 ~ ~ 
/ V ~ ~ / 
------
~ / ~ l.----;:= Model 4 
.-'" 
--
-:::;::::. Model 2 
l.---"" ..... ..----~ / ~ 
-----
V 
2 4 6 8 10 12 14 
Spanwise station along 38 - percent-chord line from fuselage, in. 
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Figure 6.- Range of test Reynolds number plotted against Mach number. 
Reynolds numbers based on mean exposed chord of unswept wing panel 
(0.445 foot). 
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Figure 7.- Variation of Pa/Po and rolling effectiveness parameter pb /2V 
with Mach number f or all models . ~ = 0°; ~ = 0° ; 0a = 20°. 
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Figure 8.- Comparison of calculated rigid and flexible rolling effectiveness 
with measured stiff and flexible rolling effectiveness at test altitudes. 
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Figure 8.- Concluded. 
' J 
I-' 
CJ\ 
o 
~ 
H 
ti5 
~ 
~ 
~ 
o 
;:t> 
§1 
t-i 
\Jl 
\..N 
H 
I-' gt 
NACA RM L53Il8b CONFIDENTIAL 17 
'. 
.06 
) 
.04 0 
L 
V 
/ 
V .02 
L 
pb 
'ZV 0 V 
L ----0---- Airplane [J Flexible model 
V 
/ 
J V 
. 02 
V 
/ 
cI 
.04 
Left roll Right roll 
.06 
30 20 10 0 10 20 30 
0 
aT 
(a) M = 0 . 54 . 
Figure 9.- Var iation of rolling effectiveness parameter pb/2V with 
total aileron deflection . A = 20°; h ~ 25, 000 feet; i3 = 00 • 
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Figure 11.- Variation of drag coefficient CD with Mach number. 
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